Calmodulin-dependent protein phosphorylation in synaptic junctions.
Synaptic junctions (SJs) from rat forebrain were examined for Ca2+/calmodulin (CaM)-dependent kinase activity and compared to synaptic plasma membrane (SPM) and postsynaptic density (PSD) fractions. The kinase activity in synaptic fractions was examined for its capacity to phosphorylate endogenous proteins or exogenous synapsin I, in the presence or absence of Ca2+ plus CaM. When assayed for endogenous protein phosphorylation, SJs contained approximately 25-fold greater amounts of Ca2+/CAM-dependent kinase activity than SPMs, and fivefold more activity than PSDs. When kinase activities were measured by phosphorylation of exogenous synapsin I, SJs contained fourfold more activity than SPMs, and 10-fold more than PSDs. The phosphorylation of SJ proteins of 60- and 50-kilodalton (major PSD protein) polypeptides were greatly stimulated by Ca2+/CaM; levels of phosphorylation for these proteins were 23- and 17-fold greater than basal levels, respectively. Six additional proteins whose phosphorylation was stimulated 6-15-fold by Ca2+/CAM were identified in SJs. These proteins include synapsin I, and proteins of 240, 207, 170, 140, and 54 kilodaltons. The 54-kilodalton protein is a highly phosphorylated form of the major PSD protein and the 170-kilodalton component is a cell-surface glycoprotein of the postsynaptic membrane that binds concanavalin A. The CaM-dependent kinase in SJ fractions phosphorylated endogenous phosphoproteins at serine and/or threonine residues. Ca2+-dependent phosphorylation in SJ fractions was strictly dependent on exogenous CaM, even though SJs contained substantial amounts of endogenous CaM (15 micrograms CaM/mg SJ protein). Exogenous CaM, after being functionally incorporated into SJs, was rapidly removed by sequential washings. These observations suggest that the SJ-associated CaM involved in regulating Ca2+-dependent protein phosphorylation may be in dynamic equilibrium with the cytoplasm. These findings indicate that a brain CaM-dependent kinase(s) and substrate proteins are concentrated at SJs and that CaM-dependent protein phosphorylation may play an important role in mechanisms that underlie synaptic communication.